The aim of this study was to analyze the enterobacterial repetitive intergenic consensus (ERIC)-types, phylo-groups and antimicrobial resistance (AMR) patterns of Escherichia coli and to investigate if these approaches are suitable for microbial source tracking (MST). E. coli strains were isolated from cattle faeces and Karaj River. For genetic diversity, AMR profile, and phylo-grouping, we applied ERIC-PCR, disk diffusion, and multiplex-PCR, respectively. Fifty isolates from each sample group were used in the study. ERIC fingerprinting produced ten different bands, demonstrating 64 unique and 36 repetitive profiles. Six isolates from the river showed the same ERIC pattern of the cattle, of which four expressed the same AMR profile. E. coli isolates from water were represented in A, B1, C, and D phylo-groups. Phylo-groups A, B1, and E were more prevalent in the cattle isolates and B2 was absent in both sources. Three of the water isolates with the same ERIC-type and AMR to cattle isolates showed the same phylo-groups. Genetic characteristics, AMR, and phylo-groups of the isolates from the river are diverse and complex. For accurate MST, complementary approaches should be applied together and a comprehensive library should be provided.
INTRODUCTION
Water pollution raises considerable public health concern as it can transport pathogenic parasites, bacteria and viruses Borges et al. () . Hence, understanding the origin of faecal pollution is paramount in assessing associated health risks as well as the actions necessary to solve the problem (Dombek et al. ) . Tracing the origin of faecal pollution by using microbiological, genotypic, phenotypic, and chemical methods is termed microbial source tracking (MST) . When applying MST, it is critical to introduce applicable methods by which the faecal contamination sources can be identified (Lu et al. ) . Different approaches have been proposed for tracking the contamination sources.
These approaches can be broadly divided into library-dependent and library-independent techniques. Antimicrobial resistance (AMR) profiling and DNA fingerprinting-based methods (such as ribotyping, pulse field gel electrophoresis, REP-PCR), and phylo-typing have been reported as candidate library-dependent methods (Foley et al. ) . A range of DNA fingerprinting techniques exists, among which repetitive extra-genic palindromic elements-polymerase chain reaction (REP-PCR) provides high taxonomic resolution and may act as a rapid detector of diversity and evolution of the microbial genomes (Dombek et al. ) .
Among REP fingerprinting methods (REP/ERIC/BOX), enterobacterial repetitive intergenic consensus (ERIC) PCR is more preferred because of the simple protocol and discriminatory power similar to PFGE (Lin et al. ) . In addition to REP typing, phylo-typing is also an applicable grouping technique in which combinations of specific genes can be used to cluster E. coli strains into phylogroups. Multilocus sequence typing data improves the understanding of E. coli phylogenetic structure and allows strains to be classified in one of the seven phylo-groups A, B 1 , B 2 , C, D, E, and F (Clermont et al. ) .
Although E. coli has diverse genotypic and phylotypic characteristics, some characteristics are shared among strains exposed to similar environments due to selection pressure. The level of selective pressure exerted in a mixed area may be a useful criterion for identifying the host sources of E. coli in the watershed. One such tool for examining the selection pressure of E. coli is assessing their antimicrobial sensitivities (Ishii & Sadowsky ) . AMR in E. coli has been globally identified in isolates from environmental, animal and human sources. This is a consequence of the use of antimicrobials in medicine and their application in animal husbandries, which have brought about phenotypic changes (Cantas et al. ) .
This aim of this study was to determine the genetic diversity and AMR patterns of E. coli isolated from Khozankala cattle husbandry and Karaj River and to evaluate the applicability of these typing methods for MST.
METHODS

Study area and sample collection
This descriptive cross-sectional study was performed from August 2015 to October 2015. The authors collected 106 water samples (one sample per day) from the Karaj River, which is located in the Central Alborz Mountains with an area of 850 km 2 and length of 75 km. Water samples were collected from a given sampling site in Karaj River (with geographic coordinates of 35.9404423, 51.0742861) according to standard microbiological sampling protocols (APHA ). They were immediately placed in a lightproof insulated box containing ice-packs to ensure rapid cooling and shipped to the quality control office (central laboratory) of Alborz Province Water and Wastewater Company.
For enteric sampling, following autoclaving of swabs in the capped tubes, they were inserted into the rectum of cattle to insure the collection of faecal material. The swabs and adhering faecal material were then placed in the screw-capped tube, stored on ice in a cool box and shipped to the laboratory.
Bacterial isolates
To isolate E. coli, water samples were inoculated into 15 tubes of lauryl tryptose (LST) broth (Merck KGaA) followed To isolate E. coli from faeces, following the breaking off of the top portion of the swab which was in contact with the hand, the swabs were inserted into one tube of LST broth and followed the abovementioned procedure for isolation.
Confirmed isolates were inoculated into sterile cryotube vials containing nutrient broth and were incubated overnight at 37 W C. Sterile glycerol (Merck KGaA) was then added to each vial at a final concentration of 15% (vol/vol), and the vials were stored at À70 W C. The bacterial stocks were revived in Brain Heart Infusion broth under optimal growth conditions and genomic DNA was extracted from the bacterial pellet applying the AccuPrep ® Genomic DNA Extraction Kit (Bioneer, South Korea).
ERIC typing
The strains were fingerprinted by ERIC-PCR as described by 
Diversity index
For diversity of ERIC profiles and phylo-groups in isolates from water and cattle, Shannon-Weaver, which is one of the most used diversity measures, was chosen because it accounts for both abundance and evenness of the samples and assumes that individuals are randomly sampled from an infinitely large community and all species are represented in the sample (Pielou ).
Phylo-typing
As 
Statistical analysis
The chi-squared test was used to find any association between the phylo-groups, ERIC clusters (E1-E15) and AMR profiles. Analysis was performed using IBM SPSS statistics software version 19.0 (USA).
MST library
To build the MST library, E. coli isolated from cattle was subjected to ERIC fingerprinting, phylo-grouping and AMR profile determination as described above (Kon et al. ) . Cluster analysis at a coefficient of 90% similarity, grouped 100 isolates into 15 clusters, designated E1-E15
RESULTS AND DISCUSSION
( Figure 2 ). The isolates of the two sources were not uniformly distributed along the dendrogram, which means most of the clusters cannot be definitely attributed to a given source (water or cattle). In other words, E1 cluster contains ten isolates, eight from water and two from cattle, E12 cluster contains 11 isolates, nine from cattle and two from water and E3 contains seven isolates from water and three from cattle. However, E2 contains eight members of water origin, and E10 contains four isolates of cattle origin.
Diversity index for ERIC profiles in water and cattle isolates
The degree of diversity calculated for the 100 isolates, using the Shannon-Weaver index, was 3.43. The diversity was also calculated for the isolates from water (n ¼ 50) and cattle (n ¼ 50) separately, for which the diversity indices were 3.65 and 2.39, respectively, indicating more genetic diversity for E. coli of water origin.
AMR profiles
AMR tests showed no extensive drug-resistant (XDR) isolate; however, 49 (98%) and 47 (94%) isolates were MDR (resistant to two or more categories) for water-and cattleoriginated E. coli, respectively (Tables 2 and 3 ). The most common resistance was observed against cefalotin followed by tetracycline, while no resistant isolate was observed against trimethoprim/sulfamethoxazole (Figure 3 ).
Among the isolates from water and cattle with the same ERIC profiles, four isolates from water showed the same AMR as the cattle isolates, increasing the probability of the same origin (Table 4) .
Phylo-groups
E. coli strains from water and cattle showed different distri- 
Diversity index of phylo-groups in water and cattle isolates
The Shannon-Weaver diversity index of phylo-groups in water and cattle isolates is shown in Table 5 .
Statistical analysis
The Pearson chi-squared test did not show any significant association between ERIC types (E 1 -E 15 ) and phylo-groups (p value ¼ 0.578), ERIC types and AMR (Table 6) , and phylo-groups and AMR (Table 6) , confirming the independence of these characteristics. Furthermore, Pearson chisquare calculated for the water/cattle and the phylo-groups was 0.1 (p value ¼ 0.1) which rejects any correlation between water/cattle and phylo-groups. Total 24 37 7 20 9 3 100 In this study, E. coli isolates from cattle and water showed no resistance to SXT, contrary to the results reported by Schroeder et al. () , who reported a high prevalence of resistance to sulfamethoxazole among O157:
DISCUSSION
H7 isolates recovered from humans and cattle (Schroeder et al. ) . However, as in our study they observed a high prevalence of tetracycline resistance among the isolates.
In the current study, a statistically significant relation could not be observed between the AMR, ERIC types, host, and phylo-groups, suggesting that if AMR profile/ profiling is applied alone, no accurate MST result can be gained. However, in combination with others (as a complementary tool), it can increase the possibility of correct tracking. As well as the ERIC diversity, a higher Shannon-Weaver index for phylo-groups of E. coli from water in comparison with cattle can be observed (Table 5 ). In other words, it can be inferred that in addition to Khozankala husbandry, E. coli can enter the Chalous River through various sources including wild and domestic animals, human (inhabitants and passengers), animal manure, etc., which all together necessitate the source tracking of E. coli origins.
Phylo
Pearson chi-square did not attribute any phylo-group to any specific host (p value ¼ 0.1) ( 
